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Description

[0001] The present invention relates to a semiconduc-
tor device manufacturing method, and more particularly,
to a method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device which
increases capacitor capacitance by increasing the sur-
face area of the electrode in a dynamic random access
memory (DRAM).

[0002] In DRAMSs, with a decrease in the surface area
of a unit memory cell, cell capacitance is reduced,
resulting in a lowered reading performance of the mem-
ory cell and an increased soft error rate. Therefore, the
cell capacitance should be kept at an acceptable level to
realize high integration of semiconductor memory
devices.

[0003] The cell capacitance of a semiconductor mem-
ory device is an important factor in determining the
memory capacity thereof. Along with the increase in the
integration level of semiconductor memory devices,
many methods have been suggested for increasing
capacitance in a given cell area. The capacitor capaci-
tance C is given by

where g is the dielectric constant of free space, ¢, is the
relative dielectric constant of a dielectric film, A is the
effective area of an electrode, and d is the thickness of
the dielectric film. As noted from the above equation,
the capacitance can be increased by varying three
parameters, i.e., the dielectric constant of a dielectric
film, the effective area of a capacitor, or the thickness of
the dielectric film.

[0004] As typical methods for increasing the capacitor
capacitance by increasing effective area of an elec-
trode, a hemispherical grain (HSG) silicon film is formed
as a rugged surface on the surface of a lower electrode,
or a three-dimensional capacitor structure is used,
including a stack, a trench, and a cylindrical structure.
[0005] Tatsumidiscloses in U.S. Patent No. 5,385,863
that, in order to increase the effective area of the capac-
itor electrode, a capacitance electrode made of a poly-
silicon film is formed, the polysilicon film being formed
by depositing an amorphous silicon film on an insulating
film covering a semiconductor substrate, generating a
plurality of crystal nuclei at a plurality of the amorphous
silicon film, respectively, and growing each of the plural-
ity of crystal nuclei into a mushroom or hemisphere
shaped crystal grain to thereby convert the amorphous
silicon film into the polysilicon film. However, it is difficult
to maintain the face of the amorphous silicon film
deposited on the insulating film clean. Even crystalliza-
tion of a extremely small area in the amorphous silicon
film or contamination of the surface of the extremely
small area by foreign materials suppresses the surface
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migration of the silicon atoms in the amorphous silicon
film and thus prevents crystal nucleation and growth. As
a result, a HSG film of an irregular configuration is pro-
duced.

[0006] FIGS. 1A and 1B are scanning electron micro-
scope (SEM) photos showing the result of forming
HSGs on a partially crystallized amorphous silicon film
on a semiconductor substrate. As noted from the fig-
ures, HSGs are normally formed on amorphous silicon,
while no growth of nuclei is observed in a crystallized
portion due to the absence of activation energy of sili-
con.

[0007] Similarly, when the amorphous silicon surface
is contaminated by foreign materials and thus the amor-
phous silicon atoms are combined with foreign atoms, it
is difficult for the silicon to make a surface migration, the
amorphous silicon surface is further contaminated, and
crystal nucleation and growth is terminated if the foreign
materials are accumulated to a predetermined thick-
ness.

[0008] According to the present invention, a method
for manufacturing a capacitor lower electrode of a sem-
iconductor memory device, the lower electrode formed
by thin film deposition equipment provided with a proc-
ess chamber including a susceptor for mounting a wafer
thereon, comprises the steps of:

(a) forming an insulation film pattern on a semicon-
ductor substrate, said insulation film having a con-
tact hole to expose a predetermined area of said
semiconductor substrate;

(b) depositing an impurity-doped amorphous silicon
film on the overall surface of said resultant;

(c) forming a lower electrode pattern by patterning
said amorphous silicon film;

(d) removing contaminants and a surface oxide film
from the surface of said resultant by cleaning said
resultant;

(e) depositing an amorphous silicon thin layer on
the surface of said lower electrode pattern by load-
ing said cleaned resultant into said process cham-
ber maintained in a high vacuum, and supplying a
predetermined gas into said process chamber for a
predetermined time; and

(f) forming and growing a plurality of silicon crystal
nuclei on said amorphous silicon thin layer to form
a lower electrode having a rugged surface.

[0009] Preferably, the supply of the predetermined gas
is performed while heating the semiconductor sub-
strate, and the step of heating the semiconductor sub-
strate comprises the steps of: (a) maintaining the
temperature of the susceptor at 700-1000°C for 5-40
seconds; and (b) maintaining the temperature of the
susceptor at 500-800°C in the process chamber, imme-
diately after the step (a).

[0010] Preferably, the predetermined gas is one of
SiH,4, SisHg, SiH5Cls, and a mixture thereof. More pref-
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erably, the predetermined gas further comprises an
inert gas.

[0011] It is preferable that the amorphous silicon thin
layer is selectively deposited only on the surface of the
lower electrode pattern in the step of (e).

[0012] It is preferable that the step of (f) is performed
without vacuum breakdown subsequent to the step of
(e), and the step of (f) is performed at a pressure of 10
Ttorr or below.

[0013] Itis preferable that the step of (f) comprises the
sub steps of: continuously supplying the predetermined
gas during the silicon crystal nuclei formation; and
blocking the supply of the predetermined gas during the
silicon crystal nuclei growth. The supply of the predeter-
mined gas is simultaneously controlled in the step of
supplying a predetermined gas.

[0014] An example of the present invention will now be
described in detail with reference to the accompanying
drawings, in which:

FIGS. 1A and 1B are SEM photos showing the
result of forming HSGs on a partially crystallized
amorphous silicon film on a semiconductor sub-
strate;

FIG. 2 illustrates surface tensions of a crystal
nucleus formed on the surface of a lower electrode;
FIGS. 3 through 6 are sectional views sequentially
showing the steps in a method for manufacturing a
capacitor of a semiconductor memory device
according to a preferred embodiment of the present
invention;

FIG. 7 illustrates variations of a process tempera-
ture in a process chamber in fabricating a capacitor
according to the present invention;

FIGS. 8A through 8D are SEM photos showing rug-
ged surface structures obtained by varying the tem-
perature stabilizing time and the process gas
supply time;

FIG. 9is a graph showing the result from an estima-
tion of capacitance and Cmin/Cmax characteristics
of samples under each test condition;

FIG. 10 is a graph showing the result from an esti-
mation of capacitance and Cmin/Cmax characteris-
tics with respect to the grain height with a long
enough temperature stabilizing time given;

FIG. 11 is a graph showing the result from an esti-
mation of capacitance characteristics of a capacitor
manufactured according to the method of the
present invention; and

FIG. 12 is a graph showing the result from an esti-
mation of Cmin/Cmax characteristics of the capaci-
tor manufactured according to the method of the
present invention.

[0015] Generally, the formation of HSG silicon film to
increase the effective area of the electrode relies on the
mechanism of surface migration of silicon atoms.
According to such a mechanism, crystal nuclei are
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formed on the surface of an amorphous silicon film
using a silicon source gas, e.g., silane (SiH,) or disilane
(SioHg) gas, and annealed so that silicon atoms of the
amorphous silicon film migrate to the crystal nuclei and
form a HSG silicon film having hemispherical grains of a
predetermined size on the surface of the amorphous sil-
icon film. Here, to allow the crystal nuclei to continu-
ously grow for a specified period of time, the migration
time of the silicon atoms to the crystal nuclei should
exceed the crystallization time of a bulk area of the
amorphous silicon film being an underlayer. Therefore,
the migration time and the crystallization time should be
stably controlled to ensure the increase of the effective
area of the electrode by the above mechanism.

[0016] The mechanism of forming the HSG silicon film
as a rugged surface on the surface of the amorphous
silicon film is affected by two factors during processing:
the characteristics of the amorphous silicon fim itself
and contamination caused by foreign materials
adsorbed on the surface of the underlayer before or
after crystal nucleation.

[0017] Specifically, the amorphous silicon film used as
an underlayer to form the rugged surface should be kept
amorphous and completely free of crystal grains. The
possible existence of the crystal grains in the underlayer
prevents silicon atoms of the crystal grains from migrat-
ing to the crystal nuclei during formation of the rugged
surface. On the other hand, foreign material-induced
contamination may occur in cleaning the surface of the
underlayer or exposing a resultant including the crystal
nuclei to the atmosphere. Thus, it is essential to keep
the surface of the underlayer clean before silicon crystal
nucleation.

[0018] FIG. 2 illustrates a typical crystal nucleus 12
formed of crystal silicon on the surface of a lower amor-
phous silicon electrode pattern 10 in a gaseous atmos-
phere.

[0019] Generally, the mechanism in which crystal
nuclei formed on an amorphous silicon surface grows
with phase ftransition as activation energy can be
expressed as the sum of phase transition-related Gibbs
free energy and interface energy, i.e., surface energy
generated during crystal nucleation and growth. Refer-
ring to FIG. 2, such a relationship is given by

G = (4/3)nr *AG  1(0) + 4nr2yi(0)

where AG is the total Gibbs free energy, r is the radius
of a crystal nucleus, and AG, is the Gibbs free energy of
phase transition per unit volume
(AGy, = AG et - AG gmorphous )- 7 1S the vector sum of
Ymg: Ynm» @nd yng, Which are the surface tensions
between gas and amorphous silicon, between crystal
silicon and amorphous silicon, and between gas and
crystal silicon, respectively. f(0) is a configuration factor.
[0020] As described above, the silicon atoms on the
surface of the amorphous silicon migrate to the crystal
silicon, that is, the crystal nucleus 12, with activation
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energy given by the above equation so that crystal
nuclei are grown. The above equation represents the
minimum activation energy needed for the growth of the
silicon atoms in the amorphous silicon film into crystal
silicon through the phase-transition to the crystal silicon
nucleus. In practice, the silicon atoms of the amorphous
silicon film should migrate to the crystal silicon for the
growth of the crystal nucleus. To allow the silicon atoms
in the amorphous silicon film to migrate to the crystal sil-
icon, the amorphous silicon should be kept amorphous
condition and have a free surface in which silicon atoms
are not combined with other atoms.

Embodiment

[0021] In the present invention, a semiconductor sub-
strate having an amorphous silicon layer formed ther-
eon is loaded in a process chamber and an amorphous
silicon thin layer of high purity and few defects is formed
on the amorphous silicon layer in an ultrahigh vacuum
state. Subsequently, crystal nucleation and growth are
performed on the amorphous silicon thin layer, thereby
forming an intended rugged surface.

[0022] FIGS. 3 through 6 are sectional views sequen-
tially showing the steps in a method for manufacturing a
capacitor of a semiconductor memory device according
to a preferred embodiment of the present invention.
[0023] Referring to FIG. 3, an insulation layer is
formed on a semiconductor substrate 100 including an
underlying structure such as a transistor to insulate the
underlying structure. Then, a photoresist pattern (not
shown) is formed on the insulation layer by photolithog-
raphy. The insulation layer is etched using the photore-
sist pattern as an etching mask, thereby forming an
insulation pattern 112 and a contact hole hy for expos-
ing a portion of the semiconductor substrate 100.
[0024] After the photoresist pattern is removed, an
impurity-doped amorphous silicon film is deposited on
the overall surface of the resultant having the contact
hole hy. A lower electrode pattern 120 of amorphous sil-
icon is formed by patterning the deposited amorphous
silicon film.

[0025] Thereatfter, contaminants and a surface oxide
film, i.e., a natural oxide film are removed from the sur-
face of the lower electrode pattern 120 by wet-cleaning
the resultant. Subsequently, to form a rugged surface,
the resultant is loaded in the process chamber (not
shown) kept in a ultrahigh vacuum state, preferably,
below or at a pressure of 10-torr.

[0026] FIG. 7 is a graph showing a temperature varia-
tion in each stage during processing in the process
chamber to form the rugged surface on the lower elec-
trode pattern 120 of the semiconductor substrate 100.
In FIG. 7, reference character (a) indicates a variation in
a setting temperature of a heater installed in the cham-
ber to control the temperature of a susceptor in the
process chamber. Reference character (b) indicates a
variations in semiconductor substrate temperature actu-
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ally observed. Reference character (c) indicates a vari-
ation in susceptor temperature.

[0027] Referring to FIG. 7, in stage 1, the susceptor is
heated to 700-1000°C, preferably about 850°C, by
increasing the heater temperature to approximately
1000°C for about 5-40 seconds, preferably 20 seconds,
so as to rapidly increase the temperature of the semi-
conductor substrate 100 having the lower electrode pat-
tern 120 formed thereon loaded in the process
chamber. Then, the susceptor temperature is reduced
to a predetermined temperature, for example, 500-
800°C, preferably 720°C, by decreasing the heater tem-
perature to about 765°C, and then the heater tempera-
ture is maintained at about 765°C. The semiconductor
substrate 100 is kept in the process chamber for a pre-
determined time until the surface of the lower electrode
pattern 120 is set at a temperature appropriate for
depositing an amorphous silicon thin layer thereon in a
subsequent process. Such a standby time, that is, time
required to reach a temperature suitable for the deposi-
tion of the amorphous silicon thin layer, is referred to as
a temperature stabilizing time.

[0028] In stage 2 of FIG. 7, when the substrate tem-
perature reaches a predetermined temperature lower
than a temperature appropriate for the deposition of the
amorphous silicon thin layer, that is, a rugged surface
forming temperature, preferably 550°C or below, the
process chamber is supplied with a process gas needed
to form crystal nuclei for rugged surface formation, for
example, one of SiH,, SisHg, and SiH.Cl,, so as to
deposit the amorphous silicon thin layer on the surface
of the lower electrode pattern 120. Here, an inert gas
such as nitrogen (N5) or argon (Ar) can be simultane-
ously supplied into the process chamber.

[0029] FIG. 4 illustrates the amorphous silicon thin
layer 125 deposited on the surface of the lower elec-
trode pattern 120.

[0030] The amorphous silicon thin layer 125 is depos-
ited to a thickness of several tens of angstroms, prefer-
ably, only on the surface of the lower electrode pattern
120 by controlling the process gas supply time. Here,
since the process chamber is kept at near vacuum con-
ditions of 10-3torr or below even during the deposition of
the amorphous silicon thin layer 125, the adsorption of
impurities on the surface of the lower electrode pattern
120 is prevented, thus suppressing contamination of the
surface of the semiconductor substrate.

[0031] While the amorphous silicon thin layer 125 is
being deposited in stage 2 of FIG. 7, the substrate tem-
perature is heated to a temperature to allow crystal
nuclei formation, for example, 570°C or above. Thus, a
plurality of crystal nuclei can be formed on the surface
of the amorphous silicon thin layer 125.

[0032] In stage 3 of FIG. 7, as the semiconductor sub-
strate 100 is gradually heated to a crystallization tem-
perature or above, a plurality of crystal nuclei are
successively formed on the amorphous silicon thin layer
125 (see FIG. 4). That is, the crystal nuclei are formed



7 EP 0 902 462 A1 8

on the amorphous silicon thin layer 125 without vacuum
breakdown, subsequent to the deposition of the amor-
phous silicon thin layer 125 in high vacuum. During the
silicon crystal nucleation, the aforementioned process is
continuously provided. When necessary, the flow of gas
may be simultaneously controlled. Thus, adsorption and
generation of impurities at their interface can be pre-
vented by sequential formation of the amorphous silicon
thin layer 125 and the silicon crystal nuclei without vac-
uum breakdown. Therefore, crystal nuclei of a uniform
configuration can be formed in the method of the
present invention.

[0033] Instage 4 of FIG. 7, supply of the process gas
is terminated, and the pressure of the process chamber
is maintained again in ulirahigh vacuum, for example,
below or at 10" Torr, and a process for crystal nuclei
growth is performed. That is, as the temperature of the
semiconductor substrate 100 reaches a steady-state
temperature in the process chamber, crystal nuclei 128
are in effect subjected to heat treatment at the silicon
crystallization temperature or above. In practice, it takes
approximately 150 seconds for the semiconductor sub-
strate 100 to reach a steady state, i.e., about 600°C in
the process chamber. At this time period, silicon atoms
in the amorphous silicon thin layer 125 migrate to the
crystal nuclei 128 so that crystal nuclei 128 can be
grown. If the crystal nuclei continue to grow, mutual
cohesion takes place between adjacent crystal grains,
resulting in reduction of the effective area of a capacitor.
Therefore, the growth of the grains should be controlled
by adjusting the heat treatment temperature and time to
allow a rugged surface having grains of an appropriate
size to be formed.

[0034] FIG. 6 is a sectional view of a completed lower
electrode 130 having a rugged surface. In FIG. 6, refer-
ence numeral 120A indicates the outline of the lower
electrode pattern 120 before completing the rugged sur-
face on the lower electrode 130.

[0035] After the lower electrode 130 having the rug-
ged surface is completed in stage 4 of FIG. 7, the sem-
iconductor substrate 100 is unloaded from the process
chamber and cooled to room temperature.

[0036] Then, a capacitor insulation film is formed on
the above resultant and a conductive material is depos-
ited on the capacitor insulation film to form an upper
electrode.

[0037] In the present invention, a series of processes
for forming the amorphous silicon thin layer on the sur-
face of the lower electrode pattern, forming crystal
nuclei and forming the rugged surface are successively
performed in the process chamber without vacuum
breakdown, thus enabling processing in a highly clean
state. Accordingly, the drawbacks encountered in the
prior art such as failure of growth of the crystal grains
can be overcome and uniformity of crystal grain size
and density can be increased. Furthermore, deposition
of the amorphous layer between the lower electrode
and the rugged surface decreases the ratio of the mini-
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mum value to the maximum value of a capacitance
(hereinafter, referred to as Cmin/Cmax). This problem
can be solved without an additional heat treatment for
an ideal Cmin/Cmax, since the semiconductor substrate
is subjected to heat treatment in effect in a subsequent
process to the formation of a capacitor.

Estimation 1

[0038] The characteristics of a capacitor having a rug-
ged surface on a lower electrode according to the
method of the present invention are estimated as fol-
lows.

[0039] To estimate the effect of formation of an amor-
phous silicon thin layer on the subsequently formed rug-
ged surface on a lower electrode pattern, a temperature
stabilization time, that is, a standby time before supply
of a process gas needed to form the amorphous silicon
thin layer, was varied from between 30-180 seconds
and a process gas supply time was varied from between
80-140 seconds, with the conditions of a heater temper-
ature of 765°C, a crystal nuclei growth time of 180 sec-
onds, and process gad SioHg flow rate of 18sccm kept
as they are. Then, the shape of crystal grains forming
the rugged surface on the lower electrode was
observed.

[0040] FIGS. 8A through 8D are SEM photos showing
the structures of a rugged surface obtained under varia-
tions in temperature stabilization time and process gas
supply time in the above test. FIG. 8A is for a tempera-
ture stabilization time of 180 seconds and a process gas
supply time of 80 seconds, FIG. 8B for 90 seconds and
100 seconds, FIG. 8C for 60 seconds and 120 seconds,
and FIG. 8D for 30 seconds and 140 seconds, respec-
tively.

[0041] As noted from the results of FIGS. 8A through
8D, when crystal nucleation and growth are performed
at a silicon crystallization temperature with a long
enough temperature stabilization time after a tempera-
ture increase (FIG. 8A), the crystal grains are large and
very dense. On the other hand, as the temperature sta-
bilization time after the temperature increase is reduced
o0 90, 60, and 30 seconds, respectively, the amorphous
film is deposited before the silicon crystallization tem-
perature is reached after supply of the process gas even
though the process gas supply time is increased, lead-
ing to a reduction of the time for forming crystal grains.
As a result, the structure obtained after the process is
completed exhibits low density and small size of crystal
grains. Therefore, it is noted that the temperature stabi-
lization time changes the effective area of a lower elec-
trode, thus directly affecting a capacitance value, in
fabricating a capacitor.

Estimation 2

[0042] An insulation film and an upper electrode were
formed on the sample formed under each condition of
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Estimation 1, and then capacitor characteristics were
estimated.

[0043] FIG. 9 is a graph showing the result from an
estimation of capacitance and Cmin/Cmax characteris-
tics of each sample. Cmin/Cmax is the ratio of the mini-
mum value to the maximum value of capacitance
measured by varying a capacitance measuring voltage
from -1.5 to +1.5V. Cmin is the capacitance obtained by
grounding an n-type impurity-doped lower electrode
and applying -1.5V to an upper electrode, while Cmax is
the capacitance obtained by grounding the n-type impu-
rity-doped lower electrode and applying +1.5V to the
upper electrode.

[0044] It is noted from the result of FIG. 9 that the
capacitance increases with an increase of the tempera-
ture stabilizing time due to an increase in the size and
density of crystal grains formed on the surface of the
lower electrode, as shown in the SEM photos of FIGS.
8A to 8D. The Cmin/Cmax was also observed to be dis-
tributed in the range of 84-87%.

Estimation 3

[0045] Based on the estimation result of Estimation 2,
a semiconductor substrate having an amorphous silicon
lower electrode pattern formed thereon is loaded in a
process chamber with a long enough temperature stabi-
lization time. Then, characteristics of a capacitor pro-
vided with a lower electrode having a rugged surface
were estimated according to the method of the present
invention. Here, a temperature stabilizing time was 180
seconds, a process gas supply time, i.e., a grain forming
time, was 80 seconds, a process gas flow rate was
18sccm, and grain size, that is, grain height was control-
led by control of process temperature, in order to esti-
mate capacitance and Cmin/Cmax characteristics
according to grain size.

[0046] FIG. 10 is a graph showing capacitance and
Cmin/Cmax characteristics as a result of the above esti-
mation. In FIG. 10, grain height "0A" indicates absence
of crystal grains forming a rugged surface.

[0047] From FIG. 10, it can be seen that the effective
area and thus capacitance of the capacitor increase
with an increase of grain size. Cmin/Cmax decreases as
grain size increases. As noted from the results, in the
capacitor whose effective area is increased by using a
rugged surface, capacitance increases and Cmin/Cmax
decreases with an increase of grain size.

[0048] However, in the case of a capacitor having a
rugged surface formed with a short temperature stabili-
zation time according to the method of the present
invention, the reduction of grain size increases the
capacitance, not Cmin/Cmax, in contrast to the sample
of FIG. 10. The reason is that when a silicon forming
gas is supplied in high vacuum to form a rugged surface
on an amorphous silicon lower electrode pattern doped
with impurities, at a low substrate temperature, an
amorphous silicon film not doped with impurities is
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formed before the formation of the rugged surface. Due
to the amorphous silicon layer not doped with impurities
formed between the lower electrode pattern and the
rugged surface, serious depletion takes place in the
lower electrode, thus reducing the Cmin/Cmax value.

[0049] Here, the problem of the Cmin/Cmax decrease
caused by the amorphous silicon layer formed in high
vacuum can be solved by a heat treatment after forming
a capacitor.

[0050] As described above, partial or entire absence
of the rugged surface can be prevented and a desired
capacitance can be obtained by properly controlling the
temperature stabilizing time, process gas supply time,
and other process parameters.

Estimation 4

[0051] FIG. 11 illustrates the result of an estimation of
capacitance characteristics of a capacitor manufactured
according to the method of the present invention. In
FIG. 11, a comparative sample, to which the method of
the present invention is not applied, has no rugged sur-
face. As noted from the result of FIG. 11, a capacitance
of about 25fF/cell of a capacitor manufactured accord-
ing to the method of the present invention was
increased by 1.6 times or more compared with the
capacitance of about 15fF/cell of a capacitor to which
the method of the present invention is not applied. Fur-
ther, a reproducible and stable capacitance distribution
was obtained according to an application frequency.

Estimation 5

[0052] FIG. 12illustrates the result of an estimation of
Cmin/Cmax characteristics of the capacitor manufac-
ture according to the method of the present invention. In
FIG. 12, a comparative example, to which the method of
the present invention is not applied, has no rugged sur-
face formed therein. In a practical semiconductor device
manufacturing process, a semiconductor substrate is
thermally treated in effect without an additional heat
treatment since subsequent thermal processes are fol-
lowed thereafter. Thus, impurity diffusion into an amor-
phous silicon layer formed in high vacuum can be
effected. Therefore, as noted from the result of FIG. 12,
Cmin/Cmax characteristics are improved in the capaci-
tor manufactured according to the present invention.
[0053] As described above, in the present invention,
partial absence of crystal grains can be suppressed,
and crystal size and density are increased compared
with those of conventional HSGs. Accordingly, the effec-
tive area of a capacitor in a semiconductor memory
device can be efficiently increased.

Claims

1. A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device, the lower
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electrode formed by thin film deposition equipment
provided within an enclosed process chamber
including a susceptor for mounting a wafer thereon,
said method comprising the steps of:

(a) forming an insulation film pattern on a sem-
iconductor substrate, said insulation film hav-
ing a contact hole to expose a predetermined
area of said semiconductor substrate;

(b) depositing an impurity-doped amorphous
silicon film on the overall surface of said result-
ant;

(c) forming a lower electrode pattern by pat-
terning said amorphous silicon film;

(d) removing contaminants and a surface oxide
film from the surface of said resultant by clean-
ing said resultant;

(e) depositing an amorphous silicon thin layer
on the surface of said lower electrode pattern
by loading said cleaned resultant into said
process chamber maintained in a high vacuum,
and supplying a predetermined gas into said
process chamber for a predetermined time;
and

(f) forming and growing a plurality of silicon
crystal nuclei on said amorphous silicon thin
layer to form a lower electrode having a rugged
surface.

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in claim 1, wherein said cleaning is per-
formed by a wet cleaning process.

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in claim 1 or 2, wherein the supply of the
predetermined gas is performed while heating the
semiconductor substrate in said step (c).

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in claim 3, wherein said step of heating
said semiconductor substrate comprises the steps
of:

(a) maintaining the temperature of said suscep-
tor at 700-1000°C for 5-40 seconds; and

(b) maintaining the temperature of said suscep-
tor at 500-800°C in said process chamber,
immediately after said step (a).

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in any preceding claim, wherein the supply
of the predetermined gas is performed while main-
taining the semiconductor substrate at a constant
temperature in said step (e).
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6.

10.

11.

12

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in any preceding claim, wherein said pre-
determined gas is one of SiHy, SioHg, SiH>Cl,, and
a mixture thereof.

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in claim 6, wherein said predetermined gas
further comprises an inert gas.

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in any preceding claim, wherein said amor-
phous silicon thin layer is selectively deposited only
on the surface of said lower electrode pattern in
said step of (e).

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in any preceding claim, wherein said step
of (f) is performed without vacuum breakdown sub-
sequent to said step of (e).

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in any preceding claim, wherein said step
of () is performed at a ultra high vacuum condition
of a pressure of 107torr or below.

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in any preceding claim, wherein said step
of (f) comprises the sub steps of:

continuously supplying said predetermined gas
during the silicon crystal nuclei formation; and
blocking the supply of said predetermined gas
during the silicon crystal nuclei growth.

A method for manufacturing a capacitor lower elec-
trode of a semiconductor memory device as
claimed in claim 11, wherein the supply of said pre-
determined gas is simultaneously controlled in said
step of supplying a predetermined gas.
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